Maturity measurements of sweet corn. by Johnson, William Bradford
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1951 
Maturity measurements of sweet corn. 
William Bradford Johnson 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Johnson, William Bradford, "Maturity measurements of sweet corn." (1951). Masters Theses 1911 - 
February 2014. 2846. 
Retrieved from https://scholarworks.umass.edu/theses/2846 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 
1 OH NS ON -195 
maturity msasuremsnts or swsst corn 
• illiaia Bradford Johnson 
I I til,/fY 01 I III 
I'M VI l,j. ill f" 
HA}.{/,( Illi; 11 1' 
Thesis submitted for the degree of 
Master of Science 
University of Massachusetts 
Amherst 
June 1951 
TA3L : OF CONTENTS 
INTRODUCTION . . . 
REVI EW OF LITERATURE 
Carbohydrate Content *••»•••••• 
Structure of the Kernel ... 
1 • • 
Moisture Content . .  
- 
Effect of Environment on Composition . • 
•* 
Effect of Growth Regul ting Substances • 
Tests to Rate Corn ••••• . 
General Statement .  
EXPERIMENTAL PBOC RE 
The Sample  
Methods of Analysis .. 
Moisture Content  
Total Solids  
Total Hydrolyzable Carbohydrates • . 
Starch •••••• . • . • 
Intermediate Carbohydrates . . • . • 
Nitrogen • . . ... • . • . 
Protein ... 
Fiber  . 
Preliminary Tests » •.* . • . 
Refractive Index.. • . . • 
Conductivity . 
Kernel development •*••••••• 
Hydrogen ion Concentration . . • * . 
Pericarp Toughness Test  
Page 
. 1 
• 1 
• 2 
. 4 
. 5 
. 6 
. 8 
. 9 
. 11 
. 12 
. 12 
. 17 
• 17 
. 17 
• 17 
. 17 
. IS 
. 19 
• 19 
. 19 
. 19 
• 21 
• 21 
. ZZ 
. 23 
Color 
Page 
23 
• y 
Turbidity ...... .. . . 
Standard Procedure ^ ••.•••.. . 
Factors Influencing Turbidity . .* . 
Size of Sample . .. .. .. .. . .. . 
Blending Time . ........ 
The Spectral Transmission Curve 
Dilution.. . 
Sensitivity of the Test .... 
Heat as Related to Stability of 
the Test .....  
«• . « • * * * * • * 
Hormone Treatments  
* « » » » » V •' ■ » * ' 
Experiment I .. 
. i ' » * • * * * * * * 
Experiment II. 
, » i » » ' 
Taste Tests ...  
. .- 23 
. . 25 
.- • 26 
.* .■ 26 
.• .• 26 
.• .* 27 
. . 27 
• • . ■28 
t i. 
. 28 
i * 
. 28 
> » 
. 29 
i i 
. 29 
t » 
. 29 
PRESENTATION AND DISCUSSION OF RESULTS 
Refractive Index , . . . . 
* V I « * 4 4 * ‘ 
Conductivity • . 
Kernel Development • • • • 
• r * * * * ' 
Hydrogen ion Concentration 
Pericarp Toughness Test 
Color 
30 
* 
30 
t 
31 
t 
32 
32 
t 
32 
34 
Turbidity ......  34 
Chemical Composition ••••.••••36 
„ *; 4. -r < ' * • * ' * * 
Factors Influencing Turbidity .... 40 
. • . i . • f 
* . • fs i' % } 
Sample Size ...........40 
Blending Time •••.•••.•••40 
Page 
Spectral Transmission Curve ... 40 
. 
Dilution ............ 44 
Sensitivity  ...... 44 
Heat. 44 
Hormone Treatments ..48 
SUMMARY AND CONCLUSIONS. 51 
LITlfiATURS CITED .53 
ACKNOWLEDGMENT ............... 58 
♦ 4 
J 
* 
/ 
t * * » ' 
MATURITY MEASUREMENTS OF SWEET CORN 
INTRODUCTION 
The production of sweet corn in the United States 
ranks near the top in the vegetable industry. In Massa¬ 
chusetts alone the retail shipments amount to 2 million 
ears daily during the peak of the harvest season. In 
spite of this large amount grown for sale, home gardeners 
grow sweet corn to obtain the benefit of freshness and 
flavor rarely aupli cat ©a in the comiuarcial product. 
The producer tries to harvest the product at the 
peak stage of edible maturity to obtain all the desirable 
qualities the consumer wants. The breeder in comparing 
varieties tries to rate them at optimum maturity, but he 
and tne grower often are unable to tell by an accurate 
measurement when this point of development has been , 
reached. 
Tests that many investigators have used to indicate 
tne edible pea* stage may be accurate in measuring one 
phase of the physiological development while only 
hinting at the relative condition of the other phases. 
REVIEW OF LITERATURE 
Factors relating to quality in sweet corn have 
been extensively studied (6, 12, 14, 21, 22, 31, 41). 
Perhaps the most important factors involved are carbo- 
2 - 
hydrate content, structure of the kernel including the 
pericarp, and moisture content. However, according to 
Pillar (40), the consumer in buying corn looks for a 
green husk, a well-filled cob, fresh, milky kernels at 
the tassel end, and absence of worm damage. . 
Carbohydrate Content; Culpepper and Magoon (14) 
- - *• * > % 
found that the factors wrhich are pre-eminent in de- 
. . 1 * * ' i 
termining the quality of a canned product are the degree 
of tenderness or toughness of the pericarp, the nature 
of the polysaccharides present, the sugar content, and 
the compactness with which polysaccharides are laid down 
in the endosperm. In studying several types of maize 
with respect to chemical composition of the kernels, they 
found the most characteristic difference in the content 
of water soluble polysaccharides, which are high in 
i 
sweet and waxy corn, but rather low in flint, dent, and 
flour types. They noted (35) that when sweet com is 
in prime eating condition about half of the total poly¬ 
saccharides are water soluble and environmental condi¬ 
tions do not seem to alter this ratio. Lampe (34) 
pointed out that as the kernel develops the increase in 
dry matter parallels closely the progress made in the 
synthesis of polysaccharides as cells of the endosperm 
successively attain complete polysaccharide storage. 
Polysaccharides accumulate first in the more advanced 
cells in the cap, the regions extending progressively 
- 3 - 
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outward end downward as the maturing of cells proceeds* 
In good quality sweet corns the cells in the upper 
central region of the endosperm contain only globules 
of liquid dextrin* At some distance outward in every 
direction, the plastids produce globules containing 
progressively larger granules of solid carbohydrate* 
Culpepper and Magoon (13) found that the total 
polysaccharides increase continuously throughout the 
development and ripening of the ear* These affect the 
consistency of the kernels* 
Ver fiulst (50) noted that with increase in age of 
plant there is an increase in pentosans in cell walls 
throughout the plant. 
Applemsn and Eaton (6) and Culpepper and Magoon 
(13) found that during ripening the content of sugars 
decrease while that of starch increases. In very 
i 
early stages of ripening the reducing sugars predomin¬ 
ate, therefore, the stage of highest total sugar content 
does not necessarily coincide with the stage of great¬ 
est sweetness. These investigators reported the amount 
of cane sugar is responsible for the increased sweet¬ 
ness. In general it was noted (13) that changes in 
composition were practically the same for all varieties 
whether they were slow or fast in maturing. Str&ughn 
(48) found thet upper and lower ears on a stalk show 
no significant difference in total sugars, fie states 
- 4 - 
that the color of kernels Is no indication of their 
sugar content. 
Jenkins and Sayre (£9) pointed out that total 
solids and alcohol insoluble solids increase with 
* 
maturity. 
* 
Esselen et al (18) found a decrease in Vitamin C 
content as corn matures, and Scott et al (46) noted 
that a considerable difference in Vitamin C content 
exists between various hybrids of sweet corn. Chin (1£), 
however, stated that retention of ascorbic acid beai-s 
no relation to quality and that good retention values 
were obtained under all conditions of storage U3ed. 
Structure of the Kernel: Hopkins et al (£7) noted 
structural differences in kernels of corn and gave the 
nomenclature and composition of the kernel of field 
corn. Haber (£3), working with twelve varieties, sepa¬ 
rated the kernels into tipcap, opaque endosperm, trans¬ 
lucent endosperm, pericarp, and embryo. He concluded 
that high quality varieties have a small percentage of 
i 
pericarp, opaque endosperm and starch, and a high per¬ 
centage of translucent endosperm or dextrin. Lampe (34) 
studied the relationship of endosperm development to 
chemical composition. Straughn (48) indicated that 
ears having finely wrinkled kernels average more sugar 
than those that are coarsely wrinkled. 
Tenderness in corn has long been known to be 
inherent in good quality* Culpepper and Magoon (13) 
pointed out that both toughness of pericarp and 
consistency of endosperm are important in the tender¬ 
ness of corn* Several workers (l6f 24) have studied 
morphological differences of the pericarp. Bailey (8) 
indicated that the pericarp becomes thinner as the 
kernel matures because the inner pericarp, except at 
the extreme base of the kernel, is partially resorbed 
and severely crushed as the kernel matures. Immature 
pericarp cells have thin walls, but the number of 
layers of cells is greater than it is later. Within 
10 days after pollination the cell walls of the outer . 
pericarp begin to thicken. 
Moisture Content: Lampe (34) noted that the per¬ 
centage of moisture decreased steadily with kernel 
development. Pratt (41) indicated that the moisture 
content of several varieties differs from premature 
stage to that of physiological maturity. Apploman (4) 
found that a late crop of com had a higher percentage 
of moisture than an early crop of the same comparable 
stages of maturity. For each the percentage decreased 
) ■ - ; ' ; ’ * • 
as the crop approached maturity* Straughn (48) found, 
when moisture determinations were made on two ears from 
the same stalk that both were in close agreement, indi¬ 
cating that the stalk controls moisture uptake by the ears 
- 6 - 
Effect of Environment on Composition: A knowledge 
of the composition of com means little unless the 
■i 1 
effect of environment is known. Environmental factors 
affect a number of plant processes, which in turn 
determine the composition. Appleman (4) found the 
rate of ripening to be controlled by temperature for 
a certain time. When temperatures are high, chemical 
changes occur more rapidly than in cool weather so that 
closer attention is necessary to harvest before the 
peak is past* According to Magoon and Culpepper (35), 
the quantity of polysaccharides is smaller in com 
developing in the late autumn than in corn of the same 
age developed in the hot season due to the slower rate 
of maturity at cool temperatures. The sucrose content 
of the grain is low in the early stages of development, 
increases rapidly for a time and then decreases slowly 
until maturity is reached. The percentage of reducing 
sugars Is high in early stages, decreases steadily 
with maturity, the rate depending on the temperature. 
Lampe (33) found the temperature effect on developing 
kernels masks any effects of light, providing enough 
light is available to furnish a sufficient food supply. 
The environment after harvest is of even greater 
importance than it is while the ears are still onthe 
plant. According to Appleman (3), Appleraan and Arthur 
(5), and Benoy (11), respiration in com is very high 
immediately after harvest, but fails off rapidly 
#tta storage, coming to a constant rate in 8 days at 
50 C* and in 10 days at £5°C. At 5Q°C* 50 percent or 
most of the total sugar loss occurs during the first 
£4 hours of storage* At lower temperatures less of 
the sugar is lost in £4 hours* Respiration, however, 
> 
accounts for only a small part of the actual percentage 
decrease in sugar* If influencing factors increase 
respiration, then losses of sugars will be greatly in¬ 
creased* Most of the decrease in percentage of sugar 
during storage is duo to condensation of polysaccharides, 
chiefly starch. Doty et cl (15) mentioned different 
affects of storage temperatures on tue chemical compo¬ 
sition of 59 strains of sweet corn inbreda and hybrids. 
The rate of sugar loss curing storage for each strain 
was similar from year to year, which indicates that the 
internal factors affecting change from sugar© to poly¬ 
saccharides in storage are controlled in part by genetic 
constitution of the plant* Cain (1£) noted that re¬ 
tention of a high moisture content and a hitch sugar con¬ 
tent wore of fundamental importance in maintaining 
good quality. Tae use of crushed ice, which maintained 
i 
a high relative humidity with an even low temperature, 
retarded changes in quality* When Ice was discontinued 
after'12 hours, very rapid deterioration occurred. 
- 8 
Effect of Growth Regulating Sub tances: Very 
little work seems to have been done in studying the 
effect of growth regulators on ears of corn* Rossman 
I 
and Staniforth (43) state that herbicidal applications 
of 2,4-D at tasseling time and 10 days after pollination 
produced no visible effect on aerial parts of certain 
corn inbreds. 
< 
Effects of various hormones on otner plants indi¬ 
cate changes obtained in those plants might occur in 
sweet com* Mitchell and Brown (37), reported that 
» i 
herbicidal concentrations of 2,4-D applied to morning 
> 
glory plants caused depletion of readily available carbo¬ 
hydrates (sugar, starch and dextrin) within 3 weeks* 
* » 
The loss was accounted for by increased respiration* 
Ellison and Smith (17) compared respiration rates and 
reducing sugar content of potato tubers treated in the 
i 
field with methyl ester of a-naphthaleneacetic acid* 
Mitchell (36) and Mitchell et al (39) obtained signi¬ 
ficant control of post harvest changes in moisture and 
Vitamin C content of bean fruits by spraying with two 
different compounds, one of which was p-chlorophenoxy- 
t i 
acetic acid. Wittwer et al (52) used a-o-chlorophenoxy- 
propionic acid to inhibit seedstalk formation in celery. 
Beal's evidence (9) did not indicate the form in 
which the substituted phenoxy compounds entered the plant. 
Akamine (1) reviewed absorption and translocation of 
growth substances. Wood et al (53) stated that radio¬ 
active 2-iodo-3-nitrobenzoic acid appeared to enter 
the plant in molecular form and to be translocated as 
such. Weaver and DeRose (51) pointed out that 2,4-D 
, ? , . . ( ... 
passed up but not down through dead segments of stems. 
They also noted, as did Mitchell and Brown (38), that 
when applied to aerial parts of plants, it moved down¬ 
ward whenever translocation of synthesized materials 
occurred. They stated, as did Thimann (49), that 
stomata did not appear to be portals of entry, 
Felber (19) described the "thread" method of intro¬ 
ducing chemicals into the plant, Felber and Lucas (20) 
described a procedure for evaluating growth responses 
as a result of applying 2,4-D by the "thread" and "drop" 
methods. 
Tests to Rate Corn: Many workers have tried to 
rate corn by various objective and organoleptic tests, 
Appleman (3) found catalese activity of the expressed 
juice to be a fair index of the comparative intensity 
of respiration in the tissues, Appleman and Eaton (6) 
' • - i 
used the rate at which the ratio of total sugar to 
starch decreases as a measure of ripening, Jenkins 
and Sayre (29) indicated that the percent of total 
solids and alcohol insoluble solids serve as indices of 
maturity and quality in canned whole grain com. Scott 
et al (46) determined maturity using a refractoraeter. 
► 10 
Straughn (47) described methods of determining sugar 
s 
in sweet com* 
Pratt (41) and Scott (45) described the Brown- 
Duvel moisture test, and Pratt compared moisture contents 
of several varieties at different stages of development. 
Kramer et al (31) considered the factors affecting 
evaluations of quality and compared some objective and 
organoleptic tests. Kramer and Snith (32) described 
the succulometer, which actually is a measure of moisture. 
At the Western Regional Laboratory (2) an acetylene gas 
test is described that measures the amount of gas 
evolved when calcium carbide is added to ground moist 
corn. 
The thumbnail test (4, 13) and the mechanical 
puncture test (8, 13, 21, 44, 47) determine the resistance 
of pericarp to puncture. The thumbnail test is only a 
/ 
relative measure of tenderness; the mechanical puncture 
test is more accurate and has been used by some workers 
in recent years. 
Flavor tests have been used, but, due to errors 
caused by too few or inexperienced tasters, the results 
may not reflect the opinion of the majority of consumers. 
Hening (26) indicated ways in which flavor testing 
techniques may be improved. 
Heald (25), working with aerial and underground 
parts of several crops, noted that plant Juices are good 
11 
conductors of an electric current. The conductivity 
is due largely to the dissolved mineral substances, 
while organic compounds play a minor part. Greathouse 
(22) mentioned factors that may affect plant juice 
conductivity. His data indicate conductivity values 
must be interpreted cautiously. 
Hottes and Huelsen (28) described a nephelometer 
test, which measures optically the particles leached 
from soaked sweet corn seed and thereby detemnines 
seed quality. The principles of turbidimetry, nephel- 
• 4 
ometry, and spectrophotometry and the limitations of 
each of these applications have been discussed by 
Kolthoff and Sandell (30). 
General Statement: Although a number of tests 
have been used to evaluate stages of development of 
sweet corn, it can be noted from the review that no 
single test seems to relate all factors of maturity. 
Connoisseurs of corn would value a treatment, such as 
a growth regulator, which would retain such desirable 
characteristics as flavor, consistency, and tenderness 
found in com harvested at the optimum stage of develop¬ 
ment. In treating maturing com to retain those charac¬ 
teristics present, it would be impossible to determine 
whether substances were exerting a desired effect unless 
some test could be used to give a good indication of 
quantitative factoral differences in a number of treated 
12 
samples at a given time. It is the aim of this 
i. ^ 
investigation to see if by a modification of any ex¬ 
isting test or by the development of a new technique, 
it would be possible to measure accurately differences 
in sweet corn due to treatment, age, end environment. 
The work is confined to a single variety to avoid con¬ 
fusing the main issue. In an investigation with such 
* » ’ * • * , i ; 
a broad scope, it is at first desirable to deal in 
generalities until results of tests tried warrant more 
detailed study. 
EXPERIMENTAL PROCEDURE 
The Sample 
Three plantings of Golden Cross Bantam variety 
sweet corn were made on the University of Massachusetts 
farm at intervals of approximately 10 days in each 
of the years, 1948, 1949, 1950. Each planting con¬ 
sisted of 4 rows 400 feet long spaced three feet apart 
with plants thinned to 10w-12". The soil, which is a 
Scarborough very fine sandy loam, was in a high state 
* i \ j 
of fertility, and the com was given excellent care 
i ' * » 
throughout its growth. In the first year ears were 
selected solely on a basis of observed maturity and given 
relative rankings such as Pre-milk, Milk, Pre-dough, and 
Dough. In the second and third years, as the ears in 
each planting came into silk, they were tagged with 
dated tags* The selection of ears to be harvested was 
based on the number of days from first appearance of 
V 
the silk* 
Ears were usually harvested between 1 and 2 P*M. 
» • * * 
and transported immediately to the chemistry laboratory 
of the Massachusetts Agricultural Experiment Station 
• i * ' 4 
for testing. In the second year an ice chest was con- 
structed from the top section of an ice refrigerator 
(Figure 1) and made to fit into the trunk of a car. 
Ears were husked immediately in the field and imbedded 
in crushed ice in the ice chest. This was done to 
4 
retard any compositional changes due to high tempera¬ 
tures that might occur between harvest and testing in 
the laboratory. 
Prior to testing, the kernels were cut from the 
ears. A sharp knife was used to cut off the immature 
portion of the tip and the more mature portion of the 
i ' ? * i 
butt of each ear, leaving the center 4-5 inches for 
tests. The kernels were cut from 4 sides of the trimmed 
. . " S 
ear and collected in a large porcelain evaporating dish. 
All kernels (usually 1000-1400 grams) from ears of a 
given stage of maturity were composited. Represents- 
t 
tive samples of a definite weight were taken from the 
composite. The kernels were kept on ice in the dish 
until actually tested. 
t 
When a sample was to be analyzed, a 500 gram sample 
of kernels was transferred to boiling ethanol containing 
Figure 1. Ice chest in ^hlch ears of corn 
were placed immediately after harvest* 
an excess of calcium carbonate, refluxed for SO 
minutes, and cooled* The alcoholic extract was drained 
by filtering through glass wool, and the kernels were 
washed v/ith additional 80 per cent ethanol* The alco¬ 
holic extract was concentrated to a final volume of 
1000 ml*, bottled, capped with toluene and stored; 
the kernels were dried at 55°C., cooled, ground in a 
Wiley Mill to pass a 50 mesh sieve, and stored in 
glass bottles* To eliminate the necessity of analyzing 
both an alcoholic extract and the solid, toluene was 
tried as a substitute for alcohol in killing the 
tissue,for the aqueous layer and toluene would be im¬ 
miscible* Results, however, indicated that toluene 
was not satisfactory* 
In preparation for several of the tests to be run 
with fresh kernels, a routine technique had to be de- 
J «> , 7 
vised* After making preliminary tests, the following 
procedure was adopted. A 50 gram sample of kernels 
was weighed in duplicate, placed in a faring Blendor 
(Figure 2), covered with 200 ml. of distilled water, 
and blended for 2 minutes* The blend was made to 500 
ml. volume. Three drops of capryl alcohol were added 
to destroy the foam. The volume was then filtered 
through glass wool to remove any coarse material. From 
this point it was possible to proceed readily to the 
conductivity and turbidity tests, and to other deter¬ 
minations. 
■» 16 ** 
Figure 2, Left: Bausch and Lomb pocket-type 
refractometer used in determinations 
of the refractive index of blended 
samples and of expressed juice* 
Right: A Waring Blendor used to 
blend samples of kernels* 
- 17 - 
Methods of Analysis 
Moisture Content; Moisture determinations 
were made by an Association of Official Agricultural 
Chsalsta method, using toluene (7) with a kernel 
sample of 15-£0 grams. This method is quick, accurate, 
and can accommodate more than one sample at a time. 
(Figure 3). 
Total Solids: The procedure used for total 
solids was that reported by Bennett (10). A 25 ml* 
aliquot of the 500 ml. blended sample was diluted 
to one liter and 25 ml. of the dilution used with 
potassium dlohromate and sulfuric acid. Headings were 
made ilth a Coleman-Universal Model 11 spectrophoto¬ 
meter. 
Total Hydrolyzable Carbohydrates: Reducing 
sugars and total hydrolyzable carbohydrates were de- ' 
i 
terained by the Lane-Synon method reported by the 
A.O.A.C. (7). 
> 
Starch: Tests for the presence of starch were 
determined qualitatively with iodine. Quantitative 
starch tests were made according to the method of Pucher, 
Leavenworth and Vickery (42). 
Intermediate Carbohydrates: This fraction is 
: " - * ~ 7".  / t 
used to designate the carbohydrates other than starch 
t 
and soluble sugars. It may be composed of glycogen 
and/or dextrins, and possibly some hemicelluloses. 
Figure 2. Apparatus used to determine 
tiie moisture content of tde 
samples of Kernels. 
19 
This fraction was found by subtracting starch and 
total soluble sugars (derived from the Lane-Synon 
method) from the total hydrolyzable carbohydrates. 
Nitrogens Nitrogen was determined by the con¬ 
ventional macro Xjsldahl method (7). A 50 ml. 
aliquot taken from the 25 ml./l liter dilution of 
the blended sample was used for this determination. 
Proteins The protein was obtained by multiply¬ 
ing the percentage content of nitrogen by the factor 
6.25 (7). 
Fibers This test was used with the fresh sample 
and was actually one of the tests used to measure 
maturity. A 5 gram aliquot of kernels was weighed 
in duplicate, blended as previously described, and 
filtered through poplin filter cloth, and washed. 
The sample was trnsferred to a Gooch crucible, dried, 
i 
weighed, and ashed. The loss in weight after ashing 
was considered equal to the amount of fiber present. 
» t 
Preliminary Tests 
Refractive Index: A Bausch and Lamb pocket- 
type refractometer (Figure 4) was U3ed to relate 
total solids to stage of development• Individual 
kernels were taken from the tip, mid-section, and 
butt of each ear. By pressure of thumb and fore¬ 
finger, the contents of the kernel were expressed on 
Figure 4. B&usch and Lo^ib pocket-type 
refractoaeter used for tbe 
refractive index determinations. 
21 
the reeding plate of the refraetometer. Later 
in the *ork readings ware also made from the blended 
sample* Due to a haziness which masked the clear¬ 
ness of readings, pith borings from the cob were 
taken and from these the pith juice was expressed 
and readings were taken. To correlate readings 
made from kernels with those from the pith juice, 
a ratio of kernel to pith readings was used as an 
Index. 
Conductivity: A Solu-3ridge conductivity 
apparatus (Figure 5) was used to measure the con¬ 
ductance in mhos of blended samples differing in 
stage of development. In the preliminary ork* 
moisture determinations were not made in conjunction 
ith the test, so that the initial readings were on 
a fresh weight basis. Readings were made on the 
■i 
blended borings from the pith of the cob and a ker¬ 
nel to pith ratio was used as an index. Readings ob¬ 
tained for samples of known moisture content were 
correlated on the dry weight basis. In later tests 
the diluted sample used for turbidity tests as used 
for conductivity readings also. 
Kernel Development: In an attempt to correlate 
increase in size of kernels with development of the 
ear, a 15 gnu sample of kernels in duplicate was used. 
The number of kernels occurring in a definite weight 
- 22 - 
Figure 5. A Solu-Bridge conductivity apparatus used 
to measure conductance in mhos of blended 
samples of kernels. 
2 3 - 
was recorded. The kernel index was obtained by di¬ 
viding the fresh weight by the number of kernels. 
Hydrogen ion Concentration: The pH of the blend¬ 
ed samples was determined with a Beckman pH meter to 
see if any correlation existed between maturity and 
hydrogen ion concentration of the kernel contents. 
Pericarp Toughness Test? A Chatillon penetrometer, 
using the principle desc ibed by Culpeppor and Magoon 
(13) was used to take a number of readings from eacn 
ear tested. The ears tested were of known or observed 
maturity. 
Color: The color in the kernel was extracted with 
a mixture of ethanol and petroleum ether to sea if a 
correlation existed between color and maturity. A color 
index (dry weight x percentage transmission of light) 
was used for the comparisons. The light transmission 
i 
was measured with a Coleman-Universal Model 11 spectro¬ 
photometer using a wavelength of 450 mu and a PC 4 filter. 
(Figure 6). 
Turbl dl ty , 
It was noticed when samples were blended for pre¬ 
liminary tests, that a suspension resulted which seemed 
to vary in concentration with different lots of com. 
An investigation was begun to see if differences in 
maturity could cause measurable variations in the 
turbid suspensions. Since a search of the literature 
did not reveal the use of a turbidity test to measure 
Figure 6. A ^oleaHii-OniTers^l Modal 11 spectro¬ 
photometer used in the color &nd turbid¬ 
ity te; ts. 
£5 - 
development of corn, it ‘-as necessery to develop a 
standard technique. A nepiielometer is used for sus¬ 
pensions which are only slightly turbid, while a spectre 
photometer may be used to measure those of a denser 
nature. A Coleman-Universal Model 11 spectrophotometer 
was used for this investigation. (Figure 6). 
Wherever possible data given ere for the stand¬ 
ardized procedure. Where a variation from the standard 
was used, points of difference will be mentioned. 
Standard Procedure: The sample was made up to 
the 500 ml. volume as described previously. From this 
volume a £5 ml. aliquot wae teken and made up to 1 liter 
An aliquot of the final dilution was used to take a 
reading of percentage light transmission in the spectro¬ 
photometer using a PC 5 filter at a wavelength of 750 mu 
In comparing turbidity tests, it may be desirable 
i 
to put the results on a dry weight basis, especially 
where there is some variation in the weight of kernels 
used for the sample. A turbidity index was used, which 
is the result obteined by multiplying the reciprocal of 
the moisture x fresh weight of the sample x percentage 
transmission. 
Data presented include the summation of tests run 
with corn of different stages of maturity using the 
standard procedure. Where other procedures were used 
that would give readings incomparable with the standard 
£6 - 
procedure, 8 notation is made to that effect. 
Chemical analyses were made to relate compositional 
differences with turbidity readings, and in most cases 
where the standard procedure was used, a moisture 
determination was also run. 
Factors Influencing Turbidity: As the testing pro¬ 
cedure was varied in t^n effort to establish the standard, 
i 
a number of factors were tested to determine what effect 
they have on the accuracy and reproducibility of the 
readings. 
Size of Sample: This experiment, was conducted 
to determine the size of sample necessary to eliminate 
significant differences in the turbidity reading. Sara 
from each of two stages of maturity were separated into 
groups of 1, 5, and 10 ears. £ach group was tested by 
the standard procedure. 
/ 
Blending Time: When it has been determined what 
size of sample is representative and adequate, the next 
logical point that might cause a variation in readings 
is the length of time the kernels are blended. In 
blending, the contents of the kernel are beaten out of 
the pericarp and the pericarp Itself is broken up to a 
certain degree. It might be expected that by changing 
the blending time the amount of material that goes into 
suspension could be varied. 
Preliminary tests were run in 1948. In 19SO, 
using the standard procedure, a sample of corn was com- 
e? - 
posited, and weighed aliquots were blended for 10 
and 50 seconds, and for 2 and 4 minutes. Readings were 
made to note any difference that could be attributed 
to blending. 
The Spectral Transmission Curve? In the 
selection of a wavelength of light to use, it is neces¬ 
sary to run a spectral translation curve to determine 
the wavelength at which constituents exercise their 
characteristic absorption. 
Dilution: It is necessary to use a con¬ 
centration of suspended matter which will yield a satis¬ 
factory figure for the percentage light transmis ion. 
The concentration can be altored^ by either changing 
the size of the sample or the dilution factor. How¬ 
ever, in this instance a representative sample should 
be used, hence the necet: sary concentration should be 
, i 
obtained by dilution. According to Kolthoff and Sandell 
(30), it is possible to obtain readings having an error 
of £.0 per cent or less if they fall within the range 
13-70 per cent transmission* Beyond these limits the 
error increases very rapidly. 
Two studies were made that indicated the effect 
of diluting samples that have be?n held a while before 
testing. Two fresh samples of different ages -were pro¬ 
cessed by the standard procedure up to a 50 ml/1 liter 
volume, at which time different amounts of the dilution 
were added to enough distilled rater to make a total of 
50 ml. £ach age lot waa run In duplicate and readings 
were taken. 
Sensitivity of the Test: In ord^r to determine 
tho sensitivity of the procedure, fractional psirts of 
a ml, of distilled water w-re added to £5 ml* aliquots 
of the suspension. Headings ere then talien to note 
any change due to the diluting action. 
Heat as Helated to Stability of the Test: 
Several tests were conducted to determine the effect of 
heat on this number of particles in suspension and hence 
the offsot on light transmission. 
In order to &*t^raine the effect of h3«t on the 
turbidity readings when raw corn is cooked, ears of 
four stages of observed maturity were separated into 
t o groups. One group was given a turbidity test im¬ 
mediately, the o*nor was cooked 8 minutes before it 
/ 
was given the test. The two sets of readings ^ere com¬ 
pared for any difference attributable to the action 
of the heat. 
Hormone Treatments 
Very little appears to be known about the effect 
of gro wth regulators on development of kernels. 
If a hormone treatment were used with sweet corn 
to maintain quality, it would be necessary to determine 
whether th© standardized turbidity procedure would be 
suitable for the measurement of dlff ranees caused by 
these synthetic substances. 
29 
Tvo experiments wore conduct ad to investigate 
the effect of growth regulators on corn* 
fxp3~l!3 nt I: five days prior to harvest the 
ears of Golden Cross Bantam were spr .ysd, using an 
atomizer, >lth 50, 100, and 1000 ppm of p-ohlorophenoxy- 
acetic acid. The spray ^as directed nil ov?r tho husk 
end into the silk end* After harvest of treated and 
control ears, one lot of each treatment was tested Im¬ 
mediately to determine its turbidity Index, while 
duplicate lots wer^ stored at room temperature for 72 
hours before the t :.cting *-as done* Moisture determina¬ 
tions were also made to check that aspect of development* 
ffrperiTrgnt II? To study different methods of 
applying growth substs .ces to corn and the subsequent 
effect of these methods on turbidity, ears ?#ere treated 
in two ways 5 days before harvest* One lot as sprayed 
i 
with 100 and 1000 ppm of p-ehlorophenoxyaeetic acid using 
an atomizer* Th« other lot was injected with the same 
concentrations of the substar.ee, using a B-D Yale 10 cc. 
syringe with a 23 gauge needle. The Injection was 
made through the husk into the shank at the base of tne 
ear* At each injection, between 0*3 *nd 1.0 ail* of the 
substance was used* The ears were harvested, and each 
lot was subjected to a moisture determination and a 
turbidity test* 
Taste Tests 
1 
A taste test panel of 12 people was set up to 
- so - 
relate test's reaction to turbidity, but auo to 
numerous difficulties, which rendered the results 
valueless, the panel testing experiment vas dispersed 
vlth for the remainder of the investigation, 
# * *« 
/ 
PRESENTATION AND DISCUSSION OF RSTILTS 
ftefr-ctlve Inaex: It **as impossible to get accurate 
readings using the method described, because of differ¬ 
ences in the nature of tho exudate resulting from varia¬ 
tions in p ’es^ure applied to the Kernel, The masking 
afreet of the kernel contents made accurate readings 
difficult* The only trend obtained v’as found in results 
of the pith juice from three ears of observed maturity 
within the edible range as shown in Table I* Although 
the average of three readings per ear may seem small, 
the amount of pith available in edible sweet com cobs 
i 
is very limited. Therefore, an adequate amount of 
juice is obtained only after strenuous squeezing, and 
even then the total amount is small. The use of pith 
juice might be investigated further using ears of known 
rather than observed maturity. 
• * - __ » j » * 
Table I. Refrectonater readings of juice expressed 
from the pith of the cob. 
Order of Observed 
Maturity 
Butt Midsection Tip Average 
1 5.5 8.5 7.5 6.5 1 2 6.0 8.0 7.7 7.2 
3 5.5 10.0 10.E 8.9 
- 31 
Conduct!vity: Most of the results obtained from 
tests made early in the investigation did not appear to 
give any trend. However, maturity was determined sole¬ 
ly by observation. One early experts *nt did give a 
trend, as shown by Table II. 
-5 
Table II. Conductivity in mhos x 1C of the blend 
from the kernel and the pith using com 
of observed maturity. 
Observed Maturity *K.srael *Pltb Ratio Kernel/Pith 
Pre-milk. 124 42 2.9 
Milk stags 122 45 2.7 
Pre-dough otago 128 49 2.6 
Dough stage 
V Tw 
120 50 2.4 
Although a trend exists, the differences are so slight 
that it appears doubtful that such differences are suf- 
/ 
ficiently sensitive to be useful to the aim of the in¬ 
vestigation. 
The number of tests tried was small, because the 
test appeared useless. However, when put on a moisture- 
free basis, the limited readings available exhibited a 
trend as shown in Table III. The trend of the conductivi¬ 
ty Index is influenced by both the sample weight and 
moisture content. The index range appears of sufficient 
spread that small variations due to maturity might fit 
into their proper places in the rings. 
32 
Table III. Some factors affecting the conductivity in 
mhos x 10~5 of blended kernels. 
Observed 
Maturity 
Age from 
Silking 
Average v t. 
of Sample 
Moisture 
Content 
Conductance 
of Kernels 
Index 
Pre-milk 14 days 52.25 82.06 18.3 171.07 
Milk 16 * 51.14 76.13 19.5 228*04 
Pro-dough 18 * 51.56 71.61 19.5 265.54 
Kernel Development: Tho resalts of experiments ltb 
kernel development sosa to indicate that moisture is an 
important factor governing Kernel development. It may be 
noted for all plantings, that &3 the moisture percentage 
decreases with maturity, the number of kernels per 15 gms. 
decreases, and the kernel development index increases. 
It Is of interest to note that the moisture content of 
later plantings is higher than it is for early plantings of 
the same maturity based on the days from silking. This is 
in accord with the findings of Appleman (4). The reason 
\ -7; 
for a difference of one day from silking &s noted for the 
last two samples in the first planting may be a difference 
in gro'rth or it may be experimental error. (Table IV). 
Hydrogen Ion Concentration: The results obtained from 
several stages of maturity do not indicate any correlation 
between pH and the development of the kernels. 
Pericarp Toughness Test: The results seem to indi¬ 
cate that a greet difference in penetrometer readings exists 
between kernels on a single ear. This difference can be 
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expected hen the m&nner in which an ear ripens, namely, 
t 
from the butt to the tip, is considered* When single 
ears differing in maturity by 1 day from silking were 
tested and 10 kernel readings were made on each ear, the 
averages of the readings appeared to show a lack of 
correlation* Results of other investigators have indi¬ 
cated that maturity of different sweet corn varieties 
can be measured on a basis of pericarp toughness, but the 
results obtained in this investigation seem to indicate 
that it is not possible to relate small, day to day, 
variations in ears of a single variety* 
Color: The color test was used to correlate the 
inc ease in the intensity of color of kernels that was 
observed to occur as they mature. The results obtained 
seem to indicate a lack of any trend* 
Turbidity 
In routine experiments, that were made to establish 
the turbidity test as a means of measuring maturity, 
several factors that affect the readings were encountered* 
The results, as shown in Table V, indicate that the 
turbidity index, as described previously, Increases as com 
matures. Since a spectrophotometer measures the percent¬ 
age transmission of light through a turbid suspension, 
it follows that in general the tost measures significant 
differences in the amounts of suspended matter which are due 
to maturity* As com matures, more material seems to bo 
In suspension which results in greater turbidity and bo 
- 25 - 
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a lesser percentage of light transmission. It may be 
noted that although three different plantings of the 
same variety were used, the trend of the turbidity index 
is similar for each planting as the corn matures. In 
comparing the turbidity index with the moisture content 
i * * 
and kernel development, it may be seen that kernel develop¬ 
ment, bears a direct relationship and moisture an inverse 
relationship to the turbidity index. 
In Table VI, the turbidity index trend for the 
second planting is in the reverse order of that shovtfx 
with the third planting. However, this may be explained 
on the basis of the inter-relationship existing between 
the percentage light transmission and the concentration 
of solids. V,Tien light transmission is low, solids are 
in e high concentration end vice versa. The index thus 
obtained may be duplicated when the exactly opposite 
, i 
condition exists. 
When ears had been exposed to frost in the field 
* it 
for varying periods, as shown in Table VII, the trend 
obtained is of the type illustrated in Table VI. The 
samples used in the frost experiment were all from the 
same planting. 
Chemical Compositions The results of chemical 
analyses are shown in Table VIII. Increases in the 
starch and intermediate carbohydrate fractions and a 
decrease in total soluble sugars may be noted for each 
planting. The turbidity index shows an increase In each 
Table VI. The turbidity index, moisture content, and 
observed maturity of ears from plantings of 
calculated maturity. 
Observed 
Maturity 
Planting Bays from 
Silk 
Turbidity 
Index 
Moisture 
* 
Milk -M" Z 27 619 68.96 
Pr e-dough Z 29 610 68.88 
Pre-dough z 30 604 68. 22 
Bough z 30 549 64.81 
Pre-milk - 3 £3 573 83.09 
Pre-milk 3 25 641 80.86 
Pre-ml Ik 3 26 641 79.82 
Pre-milk 3 27 
- 
647 78.16 
. w 
Table VII• Effect of frost on turbidity index and 
moisture content of tbe ears. 
Days from 
Silk 
* 
Hours After J*roat 
Exposure When 
Harvested 
Turbidity 
Index 
* 
Moisture 
* 
28 46 552 84.77 
50 48 504 82.78 
31 48 420 64.77 
29 72 505 83.82 
32 72 546 78.49 
34 72 633 69.85 
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planting with advances in maturity. 
Factors Influencing Turbidity: 
Size of Samples Results of a tost using 1, 5, 
and 10 ears indicate that a single ear does not const!- 
* 
tute a representative sample. The single oar shoves a 
wider deviation from the average of samples containing 
a larger number of ears, than either the 5 or the 10 
« % 
ear samples show when compared with each other. The 
results of this test are shown in Table IX. As a result 
of this test, no sample is compared that has less than 
five ears. 
* 
Blending Time: In comparing different blending 
times, as shown In Tables X, thore does not siem to be 
much variation when time is varied from 10 seconds to 
4 minutes. It is probable that most of the material 
will be suspended within the first minute of blending. 
% I 
The Spectral Transmission Curve; The data 
recorded in Table XI Indicate that the maximum absorption 
* 
of light by the system occurs in the region of the 
shorter wavelengths. 
In this Instance interest centers in the trans¬ 
mission of light by cloudy suspensions rather than the 
« 
selective absorption of light by a substance in solution. 
In either case the tmount of light transmitted is a 
function of concentration. The phenomena are thus some¬ 
what analagous although the mechanism is quite different. 
Contrary to the implications of the above principles 
the wavelength chosen was in the region of the higher 
Table IX. The effect of variations In size of sample 
using ears from t o stages of maturity. 
Number of ?»&rs 
per sample 
Bays from 
Silk 
% Transmission 
*4 * ■S 
* 1- 24 43.0 
5 24 48.8 
10 24 48.0 
1- 26 36.5 
5 26 41.1 
10 26 41.0 
* Was not run in duplicate. 
> i 
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Table X. The effect of different blending times, 
on transmission of light, using samples 
of varying maturity* 
» y ' 
- 1948 - 
Observed 
Maturity 
Blending 
Time 
$ 
Transmission 
lough 90 sec* 15.5 
Pre-dough 60 sec* 19.0 
90 sec* 18.5 
■* 120 sec* 19.0 
Mil* */- 60 sec* 24.3 
90 sec. 23.0 . 
120 sec. £3.9 . 
Milk • 90 sec. 26.5 
Pre-milk 90 sec. 42.4 
Table XI. The spectral transmission curve of blended 
samples of corn prepared according to the 
standard procedure. 
Wa velength Transmission 
• • « 
300 mu 16.0 
350 12.0 
400 9.2 
450 10.8 
500 12.5 
550 14.8 
600 17.0 
650 19.0 
700 19.5 
750 20.8 
eoo 16.5 
44 
wavelengths, namely 750 mu. This decision was based 
on two factors: (1) the difference in absorption 
exhibited over the entire visible range was relatively 
insignificant, (2) the region of maximum absorption 
may have boen caused largely by soluble substances 
rather than relatively opaque particles. 
Dilution: Turbidity readings are effected 
by varying the dilution of the sample, as is shown by 
Table HI. It becomes evident, on a basis of th®3e 
results, that the selection of a standard dilution 
factor is necessary to obtain readings, ith various 
* 
stages of maturity, that fall within the transmission 
range of greatest accuracy. 
Sensitivity of the Test: This test, hich 
is a magnification of the effects of minute dilution, 
indicated, as shown in Table XIII, that an increase 
i 
of 1 per cent in volume of the standard dilution usually 
resulted in an increased transmission of less than 1 
per cent. 
Heat: Since daily temperat\ires varied and 
blending tended to develop some heat, tests were made 
to determine the effect of variations in temperature 
on turbidity. The results, es shown in Table XIV, 
indicate that no important variation in normal tempera¬ 
ture will cause an appreciable difference in the percent¬ 
age transmission. Abnormally high temperature seems 
to cause some variation. Samples were heated to obtain 
Table XII. Th« effect of diluting the standardized 
blend of com on the transmission of light. 
Number of nl. of 
the standard blend 
Distillod 
Water 
* 
Transmission 
50 0 £5.9 
45 5 26. S 
40 10 32.9 
35 15 37.5 
30 20 43.2 
25 £5 49.0 
20 30 56.6 
15 35 64.0 
10 40 74.4 
5 45 85.1 
0 50 100.0 
Table XIII* The effect of small dilutions on the 
percent transmission, ss a measure of 
the sensitivity of the turbidity test* 
* Amount of Distilled 
Added to the ?5 sal. 
tion. 
* 
Water 
dilu- 
% Transmission 
0 ml* 67.8 
0.5 ml. 69.0 
1.0 ml. 69.4 
0 ml. 67.0 
0.1 ml. 67.5 
0.3 ml. 68*£ 
0.5 ml. 68. 8 
0.7 ml. 68.5 i 
* Kach lot was run in triplicate. Transmissions 
are the average of three aets of readings* 
T vo sets of determinations are for the s ,tae 
• sample run vith an interval of 2 d&ys between 
dilution* 
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Table XIV. The effect of variations in temperature on 
transmission. 
Temperature $> Transmission 
as F 59.0 
99 eo.o 
U7 65.9 
the desired temperatures. 
Results of cooking corn as it affects turbidity 
t 
are shown in Table XV. In general it £ay be noted that 
cooking decreases the p roantag© light triinamls ion. 
This is probably caused by the effect of heat in causing 
A • a 
more of the solid matter to be changed to a state that 
will go into suspension reedlly. 
Table XV. The transmission of light by suspensions 
from corn of varying degrees of maturity 
before and after cooking. < 
Observed % Tr;.nemission 
Maturity Haw Cook ed 
Bough 28. Z EO.O 
Pre-dough 44.7 55.5 
Milk 51.5 42.5 
Pre-milk 76.5 85.4 
The foregoing data on turbidity relative to Golden 
Gross Bantam corn would indicate that under definite 
conditions this procedure for determining variations in 
maturity is consistent, quick, md extremely sensitive. 
46 - 
By this means it should he possible to determine the 
* . * 
effect of growth regulators or other factors that might 
affect ears of sweet com* 
Horaone treatments 
■ ■ '■ 1 ...— 
t 
The effect of p-chlorophenoxyacetic acid treat- 
# 1 
ments are shown in Table XVI and XVII. In the first 
experiment, when the hormone was sprayed on the ears 
5 days before harvest, it was noted that the treated 
samples maintained a lower turbidity index approaching 
that of more immature com. This trend can be noted 
for both the samples tested immediately and those stored 
for 72 hours. However, the readings of the stored and 
treated samples appeared to be generally higher than 
those that were unstored and treated. In both treat¬ 
ments of storage the control gives a higher index than 
• i 
the comparable treated samples. 
In the second experiment (Table XVII) when the 
substance was applied by two methods 6 days before harvest, 
neither method gave as low a turbidity index as did the 
control. This may he attributed to several factors. 
w •* * ) ■ 
The environment was different, and the time of application 
was one day farther from harvest. The treatment indicates 
that the hormone has had some effect on the corn, but 
the number of samples is perhaps too few to warrant a 
conclusion at this time. 
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Table XVII* The effect of different methods of applica¬ 
tion of p-ehlorophenoxyacetic acid 6 days 
before harvest, to ears of corn, on the 
turbidity readings and moisture content. 
Treatment Turbidity Index 
i 
Moisture Percentage 
* 
4 * » 
Control 8L9.82 ± 1.65 78.25+ 0.13 : 
100 ppm Sprayed 856.26 ± 4.89 78.06 ± 0.27 
1000 ppm n 800.29 ± 1.21 76.63 + 0.56 
* i 
100 ppm Injected 968.48 +11.51 73.67 -f 1.45 
1000 ppm " 886.50 ± 5.54 75.86 ± 0.26 
i 
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SUMMARY ASP COKCLUblOBS 
In an attempt to maintain in fresh-market corn 
the desirable characteristics that are present in sweet 
corn at the optimum stage of development. Golden Cross 
Bantam corn was treated with p-chlorophenoxy&cetic 
acid in several ways. Trial methods used to detect 
changes in state of maturity or marketability included 
the following tests* refractive index of blended samples 
of kernels or expressed juice, conductivity of blended 
samples, kernel development, hydrogen ion concentration 
of blended samples, toughness of pericarp, color of 
blended corn, and turbidity of blended and diluted 
samples of kernels. The procedure based on turbidity 
or the capacity of a blended, dilute sample of com to 
impede the transmission of light proved most efficacious, 
A standard procedure based on a study of the effects of 
factors related to turbidity was adopted for use in 
routine testing, 
A limited number of experiments were conducted to 
determine the effect of p-chlorophenoxyacetic acid on 
preservation of desirable characteristics when applied 
by spray or injection methods. 
As a result of the various experiments conducted 
the following tentative conclusions appear to be warranted: 
Under definite conditions differentiations in degree 
of maturity of Golden Cross Bantam com may be made with 
a high degree of reproducibility and preciseness by means 
of the turbidity test. It appears lively that this 
procedure could be used dth other corn varieties and 
possibly *ith other vegetable crops. 
The use of p-chlorophenoxyacetlc acid causes 
measurable differences in maturity and marketability 
immediately aft**r harvest and after storage for 7£ 
hours at room temperature. Further testing ap ears to 
be desirable to determine the effect of the hormone on 
edibility and maintenance of other desirable character¬ 
istics in corn under market conditions. 
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